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Abstract: Using the analytical framework of DEA-Tobit, this paper investigates the efficiency of e-commerce in China's 
provinces based on the cross-section data of 31 provinces in China and the data of e-commerce service providers from 
Taobao’s open platform. The data envelopment analysis (DEA) is used to calculate the technical efficiency and scale 
efficiency. Furthermore the paper gives an empirical test on the relationship between the scale efficiency and influencing 
factors by using the censored Tobit model. The results show there are significant regional differences in the efficiency of 
e-commerce services in provinces of China, and the Real GDP per capita, the seller number on e-commerce platform, the 
retail sales and wholesale are important reasons for the different efficiency in each province of China. This study provides a 
domain-specific, integrative approach in evaluating the E-commerce development combining macro data from 
National Bureau of Statistics of China and micro data from taobao.com. 
 
Keywords: E-commerce , DEA, Tobit, Efficiency Evaluation, Measurement  
 
1. INTRODUCTION 
  For the past years, the rapid development of e-commerce in China has become the new engine of China's 
economic growth. Data from China e-Business Research Centre shows Chinese e-commerce transactions 
amounted to 13.35 trillion Yuan, an increase of 27.1% on year-over-year basis by the mid of 2017.  
Nevertheless, the e-commerce development of China is also facing some problems, such as development level 
of e-commerce in China's provinces is unbalanced, and the regional differences are huge
[1] [2]
 .It is valuable to 
measure the development of e-commerce through the lens of integrative approach with an emphasis on 
empirical data. How should the regional efficiency of e-commerce development be measured? What factors 
determine the efficiency of e-commerce services? Measuring and assessing the efficiency of e-commerce 
efficiency is a difficult process and often involves methodological issues.  
  The main purpose of this paper is to investigative the efficiency of e-commerce services in China by 
applying the DEA-Tobit model. In particular, the paper concentrates on investigating: e-commerce efficiency 
measurement of 31 provinces in Chinese mainland combined with macroeconomic indicators and e-commerce 
platform indicators; Tobit regression analysis the determinants of e-commerce services efficiency. 
  The rest of the paper is arranged as follows. Section 2 shows the most relevant results in the literature and 
briefly outlines the related research using this method. Section 3 presents the DEA-Tobit structure design 
methodology and explains the data and variables. We provide the demonstration results for DEA-Tobit applied 
to 31 provinces in China. The paper offers our experimental results of DEA-Tobit model applied in China in 
section 4. Section 5 concludes. The results may serve as a reference for measuring the regional efficiency of 
e-commerce and e-commerce development promotion. 
 
2. LITERATURE REVIEW  
E-commerce can be regarded as the use of the Internet to conduct business transactions. In the context of 
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E-commerce efficiency, the literatures focus on measurement framework and index system design, measurement 
methods and index acquisition and so on.  
 
2.1 E-commerce development measurement 
The NSF Workshop presented e-commerce development measurement index system firstly, including the 
E-Readiness, E-Intensity and E-Impact. OECD pointed out the index system of e-commerce development 
measurement including three categories: the readiness, the application and the impact of e-commerce. APEC put 
forward nine kinds of index system for the measurement of e-commerce level. But the measuring method 
involved too many indexes to collect data. The China Internet Research Center e-commerce issued index system 
with 9 major categories of 32 indicators, including trading, efficiency, security, IT infrastructure, network 
economy, human capital, development potential, policy Environmental, user satisfaction. Similarly it was not 
easy to demonstrate the application of the model in reality. The calculation method of e-commerce development 
is mainly the use of information index model (RITE model) now, including four elements of information to 
conduct a comprehensive evaluation. 
 
2.2  E-commerce development index system 
According to prior research in this stream, most of the index systems include economic and financial 
resources, trading volume, e-commerce system user, IT infrastructure and logistic & delivery system. We further 
discuss some of these studies to apply specific indicators that will help us to measure the level of development 
of e-commerce efficiency. 
2.2.1 Economic and Financial Resources 
    It is generally assumed that Gross National Product (GNP) is an indicator of national wealth or drivers
[3]
. 
Wealth has been shown to be the strongest individual factor driving e-commerce sales. Economic and financial 
resources appear to play a direct role as drivers of e-commerce. Thus, GDP per capita as a key factor is 
mentioned strong correlation with the measures of e-commerce development
[4]
. 
2.2.2 Trading volume 
    Trading volume is significantly relative to e-commerce transaction, which depends on the nature of the 
good and offline trading volume
[5]
. And E-commerce will also have a notable impact on trade in services. Liu 
and Wang(2009) utilize the transaction volume(retail and wholesale) and proportion of e-commerce as key index 
to demonstrate the e-commerce level
[6]
. As a result of the rapid development of e-commerce, a lot of 
manufacturers have opted to choose the online and offline distribution channels at same time. Although the 
multi-channel system enables manufacturers to offer their customers products through synchronized channels, it 
is still a common phenomenon that the online channel is controlled by the traditional retailer or the supplier. 
2.2.3 E-commerce system user 
    The number of Internet users in the world reaches 3.88 billion worldwide by June 2017 and is growing. In 
terms of e-commerce, the primary users are customers(buyers) or suppliers(sellers).Buyers and sellers could 
establish a genuine market price in e-commerce system
[7]
. From a business ecology perspective, e-commerce 
business ecosystem includes five populations as bellows: Leader Population(e-commerce platform), key species, 
supportive species, related Population and parasitic species
[8]
. Besides customers or suppliers, ISV(independent 
software vendor) as user in e-commerce system may develop some e-commerce relative system based on the 
e-commerce giant  open platform
[9]
. 
2.2.4 IT infrastructure 
    Kraemer et al.(2003) and Lawrence et al.(2010) point out that information infrastructure is an important 
facilitator of e-commerce development
[10] [11]
.In the diffusion of B2C e-commerce, the information infrastructure 
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is also considered as an important booster. It is not easy to shop online for people without reasonably quick 
Internet access. Thus, available IT infrastructure, such as ICT underlying framework, electronic data interchange 
(EDI) and open systems, is a prerequisite for e-commerce growth
[12]
. 
2.2.5 Logistic & delivery system 
Logistics capability is critical for e-commerce progress
[13]
.Logistics service quality can exert an influence 
on online shopping experiences, loyalty, and satisfaction
[14]
.It is critical to support the complexity capabilities 
and diversity of supply chains for e-commerce collaboration technologies
[15]
.By using SEM model, Y Nurdani et 
al.(2016) shows that express delivery's service quality has positive influence on both customer satisfaction and 
trust of online shopping 
[16]
.In the Brazilian scenario, de Oliveira et al.(2017) evaluates the applicability of 
different solutions to urban e-commerce deliveries
[17]
. Although automatic delivery stations have the potential to 
reduce delivery problems, it still relies on the transportation system to complete delivery.  
 
2.3 E-commerce development evaluation approach 
    The index system of network economic measurement established by U.S. government and the Ministry of 
Commerce can help to understand the classification of information technology measurement. OECD, APEC, 
Harvard University and the Nordic countries basically adopt qualitative method. The OECD's research on 
knowledge economy brings the concept of "knowledge-based economy", which not only opens the way for the 
theory of knowledge economy but also sets up framework on the index system of knowledge economy. Various 
studies are conducted from different aspects of the network economy, the information, e-commerce, and digital 
issues in Japan respectively. Based on e-commerce firms, H. Joseph Wen et al.(2003) utilize a DEA model to 
evaluate the relative efficiency
[18]
.In terms of the empirical research, Liu and Wang(2009) use AHP model to 
determine the weight of indicators and give the method of this index of e-commerce on city level
[19]
.  
 
3. METHODOLOGY AND DATA  
 
3.1 Research Design 
    In this paper, we combine the DEA and Tobit regressing model to appraise the e-commerce efficiency of  
31 provinces in China. In the first stage, the indicators of e-commerce efficiency are defined. And then five 
group factors are selected to construct input indicators, respectively Economy level, Trading volume, User, IT 
infrastructure and Transportation. The relative e-commerce efficiency is then assessed by DEA model. Finally, 
we use Tobit regression model to examine the effect of inputs on the e-commerce efficiency score calculated.  
Define 
performance
indicators   
· Economy level
· Trading volume
· User
· IT infrastructure
· Transportation
Inputs Data
Envelopment
Analysis(DEA)
Model
· CRS
· VRS
·  Comprehensive 
efficiency
Outputs Censored 
Tobit 
Regression 
Model
Scale 
Efficiency
Effect 
Evaluation
 
 
Figure 1. Diagram of methodological steps 
 
3.2 Methodology 
   By using data from National Bureau of Statistics of China online database and Taobao’s open platform, We 
apply DEA-Tobit analysis framework to evaluate the e-commerce development relative efficiency in China. The 
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relative efficiencies can been estimated by using DEA model ,which is a non-parametric approach combining 
various input/output. In the particular case of our research, there are 6 inputs and 2 outputs for 31 DMUs, which 
represent provinces in China. The model is expressed mathematically as follows: 
,
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                                        (1) 
    In order to further understand the impact factors of input-output efficiency, this paper carries on the Tobit 
regression analysis to the comprehensive efficiency. However, the efficiency index obtained by the DEA model 
is between 0 and 1, and if the ordinary least squares (OLS) method is adopted, the estimated values of the 
parameters will be biased and inconsistent. In this paper, the censored Tobit regression model limited dependent 
variable is used in the regression analysis, which was proposed by Tobin
[20]
: 
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                                 (2) 
 
3.3 Data and variables 
    Statistical data for 31 provinces in China are extracted from the National Bureau of Statistics of China 
online database and Taobao’s open platform. Taobao is the world’s largest C2C e-commerce platform based in 
China, started in May 2003.According to Alibaba, its online trading volume exceeded the milestone of ¥3 
trillion in 2016, accounting for 10 percent of the overall retail volume in China. We selected two output 
variables: Number of Sellers and number of ISV (Independent Software Vendors) on Taobao’s open platform 
and six input variables: Real GDP per capita, Total Retail Sales of Consumer Goods, Total Sales Value of 
Wholesale and Retail Trades, Number of Internet Users, Number of Port of Internet, and Freight Traffic. 
    According to Taobao's open platform, the number of sellers represents the number of active e-commerce 
shops providing transaction on taobao.com. The number of sellers is considered one of the most direct indicators 
of the e-commerce systems. Data from Alibaba group show that there are more than 8.5 million active sellers 
distributed in different provinces in mainland China in Taobao platform. 
    Number of ISV measures the number of Independent Software Vendors providing third-party services on 
Taobao's open platform, such as e-shop decoration services, marketing services, and data services etc. Number 
of ISV is treated as output variable because it represents E-commerce services capabilities. At present, the 
service market has gathered tens of thousands of providers to supply services for Taobao and Tmall's sellers, the 
transaction size has reached billions in 2016. 
    As input variables, Real GDP per capita, Total Retail Sales of Consumer Goods, Total Sales Value of 
Wholesale and Retail Trades represent Chinese provincial economic level and trading volume. The degree of 
development of e-commerce is positively correlated with the level of regional economic development. 
  Number of Internet Users and Number of Port of Internet are included in the model as input variables. 
Number of Internet Users represents the degree of access to e-commerce applications, and Number of Port of 
Internet is handled as an important indicator of information infrastructure. Both of the variables represent 
information technology facilities and Applications.  
    In terms of Logistics & delivery capability, Freight Traffic is also included in the model as input variable as 
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transportation infrastructure. The rapid growth of e-commerce in the United States benefits from the 
development of the logistics infrastructure and the rapid delivery system. Similar system is boosting in China 
and supports application of e-commerce, for example cainiao use big data and intelligence to promote the smart 
logistics upgrade. The variable description see table1. 
Table 1. Variable description 
New Variable  Variable 
lnGDP the Real GDP per capita 
lnretail Total Retail Sales of Consumer Goods 
lnwholesale Total Sales Value of Wholesale and Retail Trades 
lnnetuser Number of Internet Users 
Lnfreight Freight Traffic 
Lnnetport Number of Port of Internet 
lnISV Number of ISV 
lnseller Number of Sellers 
 
4. RESULT AND DISCUSSION  
    We first present the descriptive statistics for the input and output variables and then discuss the results of 
the DEA model (see table 2). 
Table 2. Descriptive statistics for input and output variables (the natural logarithm adopted) 
statistics lnGDP lnretail lnwholesale lnnetuser lnfreight lnnetport lnISV lnseller 
Max 11.51 9.155 11.04 8.853 12.89 8.109 10.31 14.44 
Min 10.04 4.539 5.195 4.745 7.523 3.786 3.951 7.997 
Average 10.68 7.606 9.056 7.311 11.40 6.722 7.438 11.62 
SD 0.402 1.134 1.275 0.873 1.090 0.974 1.502 1.526 
Coeff.of Variation 0.0377 0.149 0.141 0.119 0.0956 0.145 0.202 0.131 
    On the whole, the coefficient of variation is between 3.77% and 20.2%, and the coefficient of variation of 
lnISV is the highest(20.2%), thus the sample for the variables is homogeneous.DEA Model result shows as 
figure 2. The model CRS is obtained with average performance score of 0.961, VRS score of 0.975,then the 
scale efficiency is calculated as the ratio between efficiency scores in CRS and VRS models. Ten provinces out 
of 31 are scale efficient: Beijing, Tianjin, Ningxia, Tibet, Jiangxi, Fujian, Zhejiang, Shanghai, Guangdong, and 
Guangxi. Interestingly Ningxia and Tibet are usually regarded as underdeveloped provinces in western China, 
Therefore, the development level of E-commerce is also relatively backward. Seven provinces out of 31 are 
decreasing return to scale: Neimenggu, Xinjiang, Jilin, Qinghai, Shandong, Liaoning, and Jiangsu. This means 
that an increase in input will result in less output increase. Therefore, for these provinces, to enhance the service 
efficiency of e-commerce is critical, rather than blindly expand the scale of e-commerce. The remaining 14 
provinces are increasing return to scale. In conclusion, these provinces need to increase investment in 
e-commerce and improve service efficiency. 
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Figure 2. Efficiency scores for DEA model 
    Table 3 reports the Tobit regression results for scale efficiency. According to Table 3, four variables besides 
constant—lnseller, lnGDP, lnretail and lnwholesale—are statistically significant at the 5% level, while others 
show non-significance, both at the 5% and 1% levels.（1）The Real GDP per capita and Number of Sellers have 
a significant impact on the scale efficiency, and the influence coefficient is positive, indicating that the greater 
the Real GDP per capita and the greater the number of sellers can lead to the greater the scale efficiency value. 
This shows that increasing province's economic level and improving the number of e-commerce sellers will 
promote the efficiency of e-commerce development and enhance the competitiveness of e-commerce services.（2）
There is a negative correlation Total Retail Sales of Consumer Goods ,Total Sales Value of Wholesale and Retail 
Trades with scale efficiency, which indicates that the development of e-commerce would be damaged if a 
province overdevelop the offline trade, because channel conflict may occur when the supplier enters the online 
channel.（3）The Number of Internet Users and Number of Port of Interne have correlation with scale efficiency, 
but they are not significant, which indicate that the network infrastructure is no longer a bottleneck for the 
development of electronic commerce; there is a negative correlation of freight volume and comprehensive 
efficiency, but not significantly either. 
Table 3. Tobit regression on efficiency related to inputs 
Variable Coef. Std. Err. t P>t [95%Conf. Interval] 
lnseller 0.013874 0.005614 2.47 0.021** 0.002287 0.025461 
lnGDP 0.068679 0.010328 6.65 0** 0.047364 0.089994 
lnretail -0.02463 0.008206 -3 0.006** -0.04156 -0.00769 
lnwholesale -0.01847 0.005422 -3.41 0.002** -0.02966 -0.00728 
lnnetuser 0.020161 0.019262 1.05 0.306 -0.01959 0.059917 
Lnfreight -0.00131 0.004768 -0.27 0.787 -0.01115 0.008536 
Lnnetport 0.000974 0.015165 0.06 0.949 -0.03033 0.032273 
constant 0.307809 0.108742 2.83 0.009 0.083377 0.53224 
** indicates 5% level of significance 
   Thus, based on the Tobit regression model, the DEA efficiency score of e-commerce development could be 
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improved through two main variables: lnseller(Number of Sellers), lnGDP (the Real GDP per capita) and 
declined by offline trade volume. Hence, economic development level , e-commerce participation have a direct 
effect on increasing the efficiency score of e-commerce for regional development. 
 
5. CONCLUSIONS 
Due to the data from Taobao Open Platform and the National Bureau of Statistics of China, this paper 
presents a DEA model consisting of 6 inputs and 2 outputs to measure the efficiency of e-commerce services 
across provinces in China. 
The contributions of this research are that we have proposed a "broader picture" of the efficiency of 
e-commerce initiatives by combining macroeconomic statistics with the micro-data from e-commerce platforms. 
The results of our study found some interesting phenomena, the efficiency level of e-commerce development in 
economically developing provinces is not necessarily lower than developed provinces, such as Tibet and 
Ningxia. In addition, it empirically demonstrated using censored Tobit model that some factors which affect the 
scale efficiency, such as the number of sellers on the platform and the level of economic development in the 
region. 
Although this study provides meaningful implications for efficiency of e-commerce evaluation, it has some 
limitations and thus has further research issues. On one hand, if the representative indexes should be discussed 
and the long time sequence selection should be chosen in the future research, the results may be more accurate. 
Although the results show that the factors of economic development level, e-commerce participation have a 
direct effect on increasing the regional e-commerce efficiency e-commerce,. Recognizing that other factors may 
also play an important role, such as economic, political environment and tax policies. On the other hand, 
dynamic methods method can be used, for example Malmquist method. The research results of China's 
economically developed and developing provinces need to find more ways to allocate resources for their 
e-commerce development. 
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